that of the mechanisms proposed for oxidation of the 2 carbon fragment in mold metabolism, the evidence for a tricarboxylic acid cycle is the least convincing.
This paper presents a study of some of the enzymes of the tricarboxylic acid cycle in cell-free preparations of P. chrysogenum, strain NRRL 1951.B25, and a study of the destruction by phosphatases of the coenzymes and cofactors of some of these enzymes.
EXPERIMENTAL METHODS
Penicillium chry8ogenum, strain NRRL 1951.B25, was used throughout these studies. The methods for growing the cells, preparation of cell-free extracts, and the procedure for purification of cell-free extracts by freezing and thawing have been described (Casida and Knight, 1954) .
Oxygen uptake was measured by standard manometric techniques at 30 C (Umbreit et al., 1949) . After equilibration, 0.5 ml aliquots of substrate (usually 250 MM) were added from the side arm to 2.5 ml of enzyme preparation (3 to 5 mg nitrogen) and cofactors in the main compartment of the vessel. The center wells contained 0.2 ml of 20 per cent KOH.
Carbon dioxide evolution was measured by the "direct method" (IJmbreit et al., 1949) . The CO present initially in the enzyme-substrate mixture was determined by adding 0.3 ml 4 N HCl from the side arm of the vessel. At the termination of the experiment dissolved CO2 was released in a similar manner. Center wells contained 0.2 ml 4 N HCI. The enzyme preparations were dialyzed in cellophane membranes against runing distilled water for 3 to 24 hours at 4 C. Nitrogen determnations were made by the method of Johnson (1941) , citrate by the method of Saifran and Denstedt (1948) , and phosphate by the method of Fiske and Subbarow (1925) .
RESULTS AD DISCUSSION
Cell-free preparations readily oxidized only succinate and lactate if specific coenzymes, activators, or inhibitors were not added. The rates of oxygen uptake per hour on 250 Mm substrate are in table 1; there was no C02 evolution during these oxidations, and a pH of 6.5 did not increase oxidation. Cell framents, removed by centrifugation during the preparation, had no activity on any of the tricarboxylic acid cycle intermediates.
Phosphatase of cell-free preparation8. Cell-free preparations readily hydrolyzed inorganic and organic pyrophosphate, and phosphate from esters of adenosine triphosphate (ATP), acetyl phosphate, and riboflavin phosphate (FMP). Thus, it was necessary to prevent phosphatase activity before several of the tricarboxylic acid cycle enzymes could be demonstrated.
The phosphatase in a nondialyzed cell-free preparation was activated by 5 MM magnesium and was prevented from hydrolyzing 5mM sodium pyrophosphate by the addition of 50 ;m potassium fluoride (KF). Tetraethyl pyrophosphate also inhibited phosphatase but was not used in further studies because of its toxicity.
The hydrolysis of the flavin adenine dinucleotide (FAD) by the cell-free preparation could be followed by observing the increase in fluorescence on a Coleman photofluorometer, model 12. The hydrolysis of flavin adenine dinucleotide was prevented by 0.011 m phosphate and inhibited 22 per cent by 1.5umM potassium fluoride. Hydrolysis of diphosphopyridine nucleotide was demonstrated with the mold malic dehydrogenase (described later) which required diphosphopyridine (Smith et al., 1949) had no effect on phosphate liberation from adenosine triphosphate.
Succinic dehydrogenawse. The succinic dehydrogenase in cell-free preparations reduced cytochrome c and was saturated by6.4 X 10-6 M cytochrome c. The dehydrogenase would reduce methylene blue at 1 x 10-3M only if 3 Mm of cyanide were added per vessel. Freezing and thawing the cell-free preparation removed cytochrome oxidase activity, but the dehydrogenase then would not reduce methylene blue. The dehydrogenase would reduce 2, 6-dichlorophenol indophenol and the decrease in absorption at 600 m,u could be measured ( figure 1) (Saffran and Denstedt, 1948) did not differentiate between citrate, ci8-aconitate, or isocitrate. The lack of triphosphopyridine nucleotide in the preparation prevented further oxidation of the condensation products by isocitric dehydrogenase. When phosphate was added as a phosphatase inhibitor, 10.3 pg of condensation product were formed; 29.6 pg of condensation product were formed with fluoride as inhibitor, and no product was formed when acetyl phosphate or malate was not present. Reaction tubes contained 35 pil tris (hydroxymethyl) nomethane buffer at pH 8.5, 18.8 ix magnesium, 50 iim potassium malate, 1 px diphosphopyridine nucleotide, 1 pm methylene blue, 10 tm acetyl phosphate, 0.1 ,Am coenzyme A containing glutathione, 0.35 ml cell-free preparation dialyzed 3 hours, and 12.5 pA potaium fluoride or 13.3 pi. phosphate in a total volume of 1.25 ml. Tubes were shaken intermittently during incubation at room temperature, and analyses for condensation product were made at 0 and 15 minutes after adding 0.6 ml 20 per cent trichloroacetic acid to the reaction mixture.
Similar experiments with acetate instead of acetyl phosphate did not produce condensation products. The presence of large amounts of oxalacetate in the reaction mixture produced color with pyridine so the oxalacetate was generated by the oxidation of malate. Citrate recovery during standardization of the procedure averaged 100.3 per cent of the citrate added to the preparation. 
SUMMARY
The use of cell-free preparations of Penicillium chrysogenum by-passed the permeability problem but brought forth an equally challenging problem of phosphatase action on cofactors. Of the dehydrogenames of the tricarboxylic acid cycle only the succinic dehydrogenase which required no phosphorylated cofactors functioned in cell-free preparation3; adenosine triphosphate, triphosphopyridine nucleotide, diphosphopyridine nucleotide, flavin adene dinucleotide, riboflavin phosphate, acetyl phosphate, and possibly coensyme A were hydrolyzed. The use of phosphate and fluoride as phosphatase inhibitors provided some stability to the cofactors and allowed oxidation of the tricarboxylic acid cycle compounds.
The experiments described indicate that a tricarboxylic acid cycle could be present in P. chrysogenum, strain NRRL 1951.B25. The respective enzymes were found in cell-free preparations, isocitric dehydrogenase and malic dehydrogenase activity was increased with the addition of acetate to the growing cells, and the condensation of acetyl phosphate and oxalacetate was shown. Acetate was not oxidized by the preparations as might be expected if two moles of acetate were condensed to give succinate in a dicarboxylic acid cycle.
